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g Objectives

* Explain limitations to scalability of tax assessor data.

* |dentify sources of data for urban-scale building energy modeling.

* Distinguish strengths/weaknesses of a dataset by defining
comparative matrix fields.

ASHRAE is a Registered Provider with The American Institute og‘ Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIAJASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.
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Context
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Buildings consume 73% of the nation’s electricity

Source: U.S. Energy Information Administration, January
2016 to January 2017, Monthly Energy Review — Table
2.1,

125 million U.S. buildings Building Energy Modeling — building
$412 billion/yr energy bills (2019 descriptions + weather = estimated
building energy consumption

Goal of the DOE

Building Technologies Office: $9B/yr — ESCO; $7B/yr — utility EE

30% energy reduction per sq. ft. $14B/yr — DR management systems
by 2030 compared to 2010 baseline 0.3% modified, BEM < 10% of those
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Context — Software 1 & 2
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13
ﬁﬁ' Context — HPC 1 & 2, Software 5

World’s fastest
buildings
energy model
(BEM) simulator

>500k building
simulations
in <1 hour

130M US
buildings could
be simulated in
2 weeks

8M simulations
of DOE
prototypes
(270 TB)

19M core-hours
June 2, 2020

HPC1 Titan
16  18:14
32 18:19
64  18:34
128  18:22
256  20:30
16,384  26:11
32,768  31:29
65,536  44:52
131,072  68:08
HPC2 Theta
57,344  20:44
114,688  28:20

5GB
11 GB
22 GB
44 GB
88 GB
5.6 TB
11.57TB
23TB
457T8B

440 GB
880 GB

64

128

256

512
1,024
65,536
131,072
262,144
524,288

229,376
458,752




Context — vision

Digttal Twin of every U.S. building
Methodoelogy: Scalable compute, darte @mwa and emplrical validation

4. Establish partnerships and APIs

1. Quantitatively rank most

important building inputs for scalable data retrieval

2. Time on world’s #1 fastest
hlgh performance machines

Demonstrate and stimulate GEB opportunities
toward a sustainable built environment

Use cases:
* Simulation-
informed analysis

HPC2, Software 4-5, Software 1-2 7. Make BEM info
, 5. Algorithms to extract 6. Create BEM freely avaiIabIe online ’ Sa!gs/market leads
3. Identify and compare data — » Utility program

formulation

I * Rate structures

. . building properties data and models
sources for important inputs _

* Resilience

* Automated
financing

* Business model

evaluation
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TENNESSEE

2
1\ Van Buren ¢

Quantify energy, demand, e T Qg P
emiSSiOnS, and cost $ Fain | m”\l Hami'ltm__é/ Bradiey
reductions for the Electric , e —
Power Board of T NPT
Chattanooga, TN (EPB) AN e
ALABAMA - - GEORGIA

\
|
6 |vusigtion |catogory (Vo s
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Insulate Roof Envelope R-16.12to R-28.57 IECC-2012

Reduce Space Infiltration Envelope Reduce 25% from vintage EnergyStar whole-house
Adjust Thermostat Setpoint (4F) HVAC 4°F 2 hrs prior to peak EPB

Smart Thermostat (8F) HVAC 8°F 4 hrs prior to peak EPB

Change Electric HVAC COP HVAC COP to 3.55 (ht) 3.2 (cl) IECC-2012

Change Lighting Power Density Lighting LPD 0.85 W/ft? IECC-2012

Change to Gas Water Heater Water Efficiency 80% (assumes electric) IECC-2012

Change to Gas HVAC HVAC Efficiency 80% (assumes electric) IECC-2012



Tax data

- TaxAssessor's e

Data

* Only 22 of “Vormont
195 countries oregon
do not have a  wstingion
property tax Secan

« U.S. Ad Velorem Arzona

tax law

« "according to
value” North et

Median Household Income and Taxes

B Federal Payroll Employer Property Tax [l State Income Tax Ml Sales Tax 1’} Gas Tax 1| Federal Payroll Employee Bl Federal Income tax Ml Income After Taxes

New Jersey
California

DC
Connecticut
Massachusetts
New York

Rhode Island
Hawaii
Maryland
Wisconsin

Colorado
Utah

Maine
Kansas

Virginia
lowa

Michigan
Pennsylvania
South Carolina

Idaho

North Carolina
Missouri
Arkansas
Oklahoma

New Mexico

Nevada

New Hampshire
Kentucky
Indiana
Mississippi
Florida

South Dakota
Tennessee
West Virginia
Montana
Alaska
Delaware
Wyoming

-$10,000 $0 $10,000 $20,000 $30,000 $40,000 $50,000 $60,000 $70,000 $80,000 $90,000

Source: https://en.wikipedia.org/wiki/Taxation in the United States

i
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Tax data

CODE DESCRIPTION

« Overview of parcel data
» 3,142 counties

 No standardization of
parcel data

BT A0 N/

l'.'y

01 County Owned

0z City Cwned

a3 State Owned

04 Federally Cwmed

05 Relogions Usags

06 Fraternal Usage

a7 Office of S8tate Assessed Properties
08 Commercial

09 Deletes or Conbines
143 Industrial

il Chattanooga Housing Authority
e Back Tax

e Hospital Authority
14 County Schools

5 City Schools

18 Cemeteries

i Farms

18 Forest

JLE Homestead

20 Mineral

I Community Lot

22 Rezsidential

JEsy Town of Lookout Mtn
) Signal Mtn

25 East Ridge

26 Red Bank

2 Soddy Daisy

28 Collegedale

29 Ridgeside

30 Lakezite

Sl Walden

35 Rental Property 40%, e.qg. Apartment
33 Former Greenbelt

34 Open Space

35 City & County Owned
36 Airport Authority
s EFB

40 Apartment (117)

45 Golf Course

50 Molkile Home Pk

51 Vacant MH Pad

97 Leagehold Assessment
98 In-Lieu of & Deferred Taxes
99 Urnworked Parcel
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« Numeric code entries

Code District

] Ei1tv

2 Count

2 County

2¢C Collegedale

2F East Ridge

2R Ridgeside

3L Lookout Mountain
3LS Lakesgite

3R Red Bank

38 Signal Mountain
35D Soddy Daisy

3W Walden

Code Definition

Assunmption Deed

Combination Sale

Deed In Lieu of Foreclosure

Deed of Correction

Deed —Tenants by Entirety

Decree of Redemption

Divorce

Family Sale

Government Sale

Judgement

Partnership

Refile Deed

Sale Including Personal Property

Substitute Trustee Deed

Tax Sales

Trustees Sale

Will

Quitclaim Deed

Tax Order

Charter

OwnerName [1..3] 0017 0466 0450
PropAddress 0537 0569 0060
Parcel 0621 0632 0012
TaxMapNumber 0633 0647 0015
LotDiml 1082 Lkl 0030
LotDim2 1112 1126 0015
CalcAcres d1s2/ 1146 0020
MapAcres 1147 1166 0020
DeedAcres 1167 1186 0020
LUCode 1187 1205 0019
NeighborhoodCode 1206 1208 0012
LandValue 1218 1237 0020
BuildingValue 1238 1257 0020
AppraisedValue 1258 1277 0020
AssessedValue 1278 18297 0020
District 1298 1301 0004
Zoning 17307 12370 0004
PropType 1330 1331 0002
ExemptCode 1332 1335 0004
SaleYear([l..4] 1566 1569 0004
SaleMonth[1l..4] 1570 1571 0002
SaleDay[1l..4] 1572 1573 0002
SaleConsideration[l..4] 1574 1592 0019
SaleType[l..4] 1633 1639 0007
SaleConf[l..4] 1640 1643 0004
Subdivision 1916 1935 0020
CurrentUse 1948 1951 0004

Warranty Deed

Master Deed

<M =E|l<| | w|o|w|o| =2 Elc|Hm| olH| D= m|o]a)| m] i

Deed Reference




E Tax data — building info!

DESCRIFTION H LR
R Column Field Description Data Type
0 Sty Ovmed 1 Parcel 1D Alpha
03 State Owned ;
04 Federally Owned 2 Exterior Type Code Alpha
[ o2 IR | 3 Exterior Type Description Alpha
07 Office Qf State Assessed Properties _.1 Juriﬁ_t Cude Alpha
08 Conmercial . R
09 [ Delotes or Combines 5 Jurist Description Alpha
10 Tndustrial | | ' L]
s Chattanooga Housing Authority E TE‘HF Bu”t Nume"c
E Back L [ Taxable Building Amount Mumeric
; Hospital Authority , ' .
14 oty BEhoels 8 Size Adjusted Area Numeric
e ity Suhools 1
16 Cemeteries ?[’ gtﬂr?;EIth {: d i:p:::a
17 Farms oot structure Code pha
18 Forest -
15 Homestead 11 Roof Structure Description Alpha
= sesian 12 Roof Cover Code Alpha
R Residential ] 13 Roof Cover Description Alpha
23 T f Lookout Mt "
o T e 14 Prime Wall Code Alpha
25 EESERREGe 15 Prime Wall Description Alpha
26 Red Bank
27 Soddy Daisy 16 second Wall Code Alpha
- e 17 Second Wall Description Alpha
= Lendte 19 Heat Type Code Alpha
32 Rental Property 40%, e.g. Apartment 19 Heat TYFIE DE‘SC”F‘“D" J":'l.lphﬂ
= SoEmer Sreerbelt 20 Account Number Mumeric
pen Space .
35 City & County Owned | 21 Card Number Numeric
36 A t Auth it
= e 22 Street Number Alpha
| 40 Apartment (117) |
— R s 23 Street Name Alpha
50 Mcbile Home Pk 24 Land Use Code Alpha
Laigi, Vacant MH Pad . g
97 Leasehold Assessment 25 Lﬂnd USE DEEE”ptIDn Alpha
98 In-Lieu of & Deferred Taxes H
99 Unworked Parcel EE Clt'gl' Alpha




g Outline/Agenda

 Land Use Codes — residential

division category

110 Household Units 111 One Family Household Tnitc
112 Two Family Household Unit (Duplex)
113 Multi-Family [(4-9 unit Apartment)
114 Two Family Units (Duplex Owner Occupied)
115 Triplex |
116 Condominium, '
117 Aparcment: 10 uhitcs or mwore

120 Group Quarters Rooming and boarding houses, fraternity and sorority house and other mermbership

lodgings. Mursing howmwes, college dormitories, other halls or dormitories, retirement
homes, religious quarters, orphanages, convents.

130 [(Reserved for future use)
140 Mohile Homes 141 Mobile Homes (3ingle Trailer)

142 Mobile Home Fark

143 HMobile Home Park (Priwately Oumed)

150 Transient Lodging Motels, towrist couwrts, lodges, hotels and other transient lodgings.




g Outline/Agenda

. Land Use Codes — commercial

530 Retail Trade - General 531 Departient sStores

536 Discount departinent stores
537 Antigques and second hand
538 Drugstores

540 Retazail Trade - Food 541 Grocetries [supermarkets)

54z Meatzs and fish markets

543 Fruits and wvegetables

544 Candy, nuts and confectionery
545 Dairy products

546 Eakeries

547 Lirquor

548 Groceries, conwvenience shops (driwe-in type)

4390 Warehouse 491 [Reserwved for future use)

482 Warehouse 3Storage
483 Distribution-Warehouse

J510 Tholesale Trade Automotive equipment, drugs, chemicals, dry goods and apparel, groceries, farm
products, electrical goods, hardware, plumbing, heating equipment and supplies,
machinery, edquipment and supplies.

520 Retall Trade Ecquipment 521 Lumber and other building materials
522 Heating and plunbing equipment

523 Paint, glass and wall paper

524 Electrical supplies

525 Hardware and farm equipment




% Outline/Agenda

 Land Use Codes — commercial

570 Retail Furniture, Home Furnishings and Furniture and home furnishings, household appliances, radios, televisions and hotwe
Equipment electronic supplies and music supplies, florists and garden supplies, floor
coverings, draperies, china, glass and metal ware.

ES0 Retzil Trade Eating and Drinking E83 Bestgaurants typically those which provide full-course meals
5584 Diners and luncheonettes characterized by counter service, limited.

585 Snack bars, drive-ins with window and/or car service, possibly limited counter
service.

586 (Reserwved for future use)
587 bars and taverns
590 COther Retaill Trades

680 Educational Services 682 University, colleges and junior colleges

653 Vocational and special training

684 Nursery schools and day care centers

6585 Elementary schools

686 Junior high schools

6587 Senior high schools

690 Other Services 691 Churches-, synagogues, and temples

Parcel ID Exterior Type Jurist Year Taxable Size Adjusted Story RS Roof Structure Roof Cover
Description Description  Built Bldg Area Height Code Description Description
Amnt
Redact 2 | DUPLEX 1975 0 2317 1 R_02 HIP/GABLE R_04 | SHINGLE R
ASPH
Redact 105 | 2 STORY 1973 0 2156 2 R_02 HIP/GABLE R_04 | SHINGLE R
ASPH
) Redact 103 | SPLT LVL/FOY 111 ONE FAMILY 1970 0 1400 1 R_02 HIP/GABLE R_04 | SHINGLE F
U ASPH
Redact 102 | RANCH 1969 0 1951 1 R_02 HIP/GABLE R_04 | SHINGLE F
ASPH
Redact 2  DUPLEX 112 TWO FAMILY 1971 0 1812 1 R_02 HIP/GABLE R_04 @ SHINGLE R

u ASPH



Outline/Agenda

 Building-specific data

Parcel ID ET Exterior Type JCode  Jurist Year Taxable Size Adjusted Story RS Roof Structure R Roof Cover
Code Description Description  Built Bldg Area Height Code Description Description
Amnt
Redact 2  DUPLEX 1975 0 2317 1 R_02 HIP/GABLE R_04 @ SHINGLE R_11
ASPH
Redact 105 | 2 STORY 1973 0 2156 2 R_02 HIP/GABLE R_04 | SHINGLE R_12
ASPH
Redact 103 = SPLT LVL/FOY 111 ONE FAMILY 1970 0 1400 1 R_02 HIP/GABLE R_04 @ SHINGLE R_33
U ASPH
Redact 102 | RANCH 1969 0 1951 1 R._02 HIP/GABLE R_04 | SHINGLE R 12
ASPH
Redact 2 | DUPLEX 112 TWO FAMILY 1971 0 1812 1 R_02 HIP/GABLE R_04 @ SHINGLE R_12
U ASPH
Prime Wall Second Wall Heat Type Account# Card# Street# Street Land Use
Description Description Description Name Description
WOOD FRW R_12 BRICK R_21 CENTRL Redact 1 Redact | Redact DU DUPLEX-OWN  HIXSON
SH HEAT& 0 B
BRICK R_11 WOOD FRW R_21 CENTRL Redact 1 Redact Redact RS RESIDENTIAL HIXSON
SH HEAT& L
VINYL R_21 CENTRL Redact 1 Redact | Redact RS RESIDENTIAL HIXSON
HEAT& |
BRICK R 21 CENTRL Redact 1 | Redact ' Redact RS RESIDENTIAL HIXSON
HEAT& |
BRICK R 21 CENTRL Redact 1 Redact | Redact MF MULTI- HIXSON
HEAT& FAMILY
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E Outline/Agenda

* Overview of files (for this example)
* GIS parcel data (*.shp)
« Parcel data (*.zip)

* Letter (*.pdf) — instructions for DOS prompt executable
to extract 300MB of data into CSV

« Summary of tax assessor data

« Useful source of building-specific data
« Building type, Height, Size, Envelope type (Wall), HVAC, Roof type,
Fenestration (sometimes), Footprints (often just parcel, not building)
 Limitations

» County-specific data encoding, data format (PDF>Excel), public vs.
non-public information, undocumented processes for
acquiring/using/sharing data



3
o10;
' Results — Tax Assessor

e Statistical summary of 1 county

A d?:fsie d % Stt.)l‘y % Land Use % Heat .Ty.pe %
Height code Description
Area
1,000-1,499 32.6 1 74.5 RESID 82.3 | CENTRL HEAT& | 75.4
1,500-1,999 22.1 174 | COMM 7.9 <EMPTY > 12.6
2,000-2,499 12.2 1.5 7.1 MFG 4.7 GRAVITY 7.4
5,000+ 0.8 3 0.6 IN 24 NO HVAC 34
500-999 8.3 >7 0.6 AG 1 FORCED HOT A | 0.9
2,500-2,999 6.6 2.5 0.1 EX 0.8 GHA 0.1
3,000-3.499 3.8 4 0.1 DU 04 CENTRAL A/C 0.1
3,500-3,999 2.1 5 0.0 EID 0.2 | REVCYCLEUN | 0.0
4,000-4,499 1.3 6 0.0 RLS 0.1 CENT HEAT & 0.0
4,500-4,999 0.8 7 0.0 BCMT 0.1 NONE 0.0
Roof Structure Roof Cover Prime/Second
Description % Description % Decade % Wall Description %e
HIP/GABLE 86.0 | SHINGLE ASPH | 81.9 2000 13.7 <EMPTY > 419
WOOD RAFTERS | 2.8 SHEET METAL 35 1960 13.6 | WOODFRWSH | 155
BAR JOISTS 2.4 BUILT-UP 34 1970 13.5 VINYL 13.5
OPEN STEEL S 2.1 METAL 29 1990 11.6 BRICK 13.1
STEEL TRUSS 1.8 <EMPTY > 1.7 1950 11.4 | WOOD FR ASBT | 2.7
<EMPTY > 1.7 ASPHALT SHIN 1.7 1980 10.8 | CONC BLK PLA 1.6
NONE 0.8 | CORRUGATEDM | 1.3 1940 7.6 ALUMINUM 1.4
WOOD TRUSS 0.6 NONE 0.9 2010 6.9 | HARDIE BOARD | 14
FLAT/SHED 0.5 ROLL COMP 0.6 1930 4.8 BRICK VENEER 1.2
GAMBREL 0.3 BUILTUPT & 0.4 1920 3.8 | CORRUGATEDM | 1.2
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Sensitivity analysis

» Sensitivity analysis for all building types
* 80% of commercial buildings - 16 climate zones, 16 building types, averaging 5.75 vintages
* 281-4,617 building descriptors (e.g. thermostat, insulation level) were modified

Small Outpatien Large Office Medium Office Hospital Warehous Small Hotel Large
Office t hotel
1072 760 1955 1823 887

Quick Service Full Service Mid Rise | High Rise Secondary Primary
Restaurant Restaurant School School

|Inputs| soo| 438 | 281 | 286 | 1464 | 4617 | 1621 | 1051 |

* Fractional Factorial (FrF2) resolution IV statistical design of experiments

 Summarize 768 lists of impactful variables
e 254,544 annual simulations were completed on the nation’s fastest supercomputer (Titan)

* 216 Excel spreadsheets were created listing the energy and demand impacts of each building
property

* Quantify Most Important Building Parameters
* Top 10 annual energy (kWh) and demand/peak-shaving (kW) variables for each of the 16 building types

2020 Building Performance Analysis Conference and SimBuild



E Comparison Matrix - example

* 6 types of data, 37 sources of data, how do you compare?

— Satellite and airborne imagery — Elevation data

— Cartographic data

— Ground level images

— Building information databases

— 3D building model databases

Short Title
Summary Satellite imagery, including panchromatic and multispectral images
Data type Image
Company
Website

Temporal resolution

Cities - 3-11 times per week

Spatial resolution 03 m
Measure accuracy

Cost $11 per sq. km
Format GeoTiff
Mapping to building input Building footprints
variables

Mapping to area properties

Vegetated areas, road surface, buildings, parking lots

Mapping to material properties

Road pavement materials (e g concrete, asphalt), parking lots (e g gravel soil)

Coverage of US Over 10 million km" of coverage of the contiguous US
Orientation Aenal

Exsting internal software MN/A

Existing expertise Remote sensing data analysis tool
Restrictions N/A

Comments




o
ﬁﬁ' Comparison Matrix — fields (1 of 2)

* Potentially useful fields to consider when comparing data sources

Title -- short label for referring to the
dataset

Summary -- short description of the
data

Data type -- the format in which the
information is stored (usually image,
database, or computationally derived
from multiple data sources)

Company -- name of the organization
that makes the data available

Website -- hyperlink to the most
pertinent information necessary for
using this dataset

Temporal resolution -- how often the
datasets are collected (e.g., 2-5 years)

7.

10.

11.

Spatial resolution -- the dimensions of
the data (e.g., 1 km? per pixel)

Measure accuracy -- information
available regarding the accuracy of
the database based on input sources
or sensor calibration

Cost -- any initial or recurring costs
required to access/retain rights to the
data

Format -- the standard file format in
which the datasets are stored

Mapping to building input variables --
for models (e.g. building type, square
footage, window-to-wall ratio, facade
material type, thickness, density)



o
ﬁﬁ' Comparison Matrix — fields (2 of 2)

* Potentially useful fields to consider when comparing data sources

12.

13.

14.

15.

Mapping to area properties -- indicates
whether these datasets are useful in
segmenting area type (e.g., buildings,
roads, open/vegetated spaces)

Mapping to material properties --
indicates whether these datasets are
useful in determining material types
(e.g., concrete, brick, soil, gravel,
asphalt, granite)

Coverage of United States (US) --
indicates the extent to which the data
provided are local versus national

Orientation -- where relevant, the
general view from which the data were
taken (e.g., street view, single side of a
building, multiple sides of building,
perspective, oblique)

16.

17.

18.

19.

Existing internal software -- does the
current team have software capabilities
that leverage this dataset for purposes
that could be synergistically leveraged
for this project

Existing expertise -- does the current
team have any unique knowledge or
skills that would be vital to the
successful use of the data for this
project

Restrictions -- what are the limitations
on the use of the data (e.g., legal/privacy
ratings, number of Application Program
Interface [API] calls per day)

Comments -- any major observations
about the data that do not fit in the
previous categories



Outline/Agenda
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4,
o’
ﬂ' Scalable Data — example 1

Summary

Data type

Company

Website

Temporal resolution
Spatial resolution
Measure accuracy
Cost

Format

Building inputs
Area properties

Material properties

Coverage of US

Orientation
Existing expertise
Restrictions

DigitalGlobe Standard Imagery
Satellite imagery including panchromatic and
multispectral images (4 bands or 8 bands)
Image
DigitalGlobe
www.digitalglobe.com
N/A
Pan: 0.5/0.6 m; MS 2.0/2.4 m
High
Pan: $24 per sq. km; Pan+MS $27 per sq. km
GeoTiff
Building footprint
Vegetated areas, road surface, buildings, parking
lots
Road pavement materials (e.g., concrete, as-
phalt), parking lots (e.g., gravel, soil)

High
Aerial

Remote sensing data analysis tool
Contract-specific

DigitalGlobe Precision Aerial image
Aerial imagery, including panchro-
matic and multispectral images

Image

DigitalGlobe

www.digitalglobe.com

N/A

0.3 m

High

$11 per sq. km; Pricing URL

GeoTiff

Building footprints

Vegetated areas, road surface, build-
ings, parking lots

Road pavement materials (e.g., con-
crete, asphalt), parking lots (e.g.,
gravel, soil)

Over 10 million km? of coverage of the
contiguous US

Aerial

Remote sensing data analysis tool
Contract-specific




o’  r :
ﬂ' Aerial view - footprints

Algorithm: Deep Learning extended and using GPUs for fast building footprint and area
extraction over large geographlcal areas.

rs-*:,ﬂ,'! | “’tr.-pn-ss?f '

Nes.. & -:.?! '%;_._"[u Jﬁ&t

Multi-company Competition Precision/Recall —30/35; Current Precision/Recall — 60+/60+




Scalable Data — example 2

Summary

Data type

Company

Website

Temporal resolution
Spatial resolution

Measure accuracy
Cost

Format

Building inputs
Area properties
Material properties
Coverage of US
Orientation
Existing expertise
Restrictions

National Elevation Dataset
Ground elevation data
Raster
USGS
http://ned.usgs.gov/
N/A
1/3, 1, and 2 seconds of arc;
1/9 arc-second and 1 meter for
some areas
Mean square error is 1.55 m
Free
Raster data
Main floor ground elevation
Road surface elevation
N/A
High
Aerial
GIS software
Restrictions URL

Summary

Data type
Company
Website

Temporal resolution
Spatial resolution
Measure accuracy
Cost

Format

Building inputs
Area properties
Material properties
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Year Built: 1900
Number of People: B4

Gross Square Footage: 2
Number of Floors: 4

Energy Usage (vis only, data inac curate)




Scalable Data — example 3

Google Street View
Summary Street view images. Down-
loadable using Google Street
View API
Data type Image
Company Google
Website Developer URL

Temporal resolution | N/A

Spatial resolution N/A

Measure accuracy Location errors exist

Cost Free

Format jpg

Building inputs Height, window-to-wall ratio

Area properties N/A

Material properties Road pavement materials
(e.g., concrete, asphalt),

building exterior materials
(e.g., glass, concrete), parking
lots (e.g., gravel, soil)

Coverage of US High

Orientation Multi-side

Existing internal | Building height estimation
software

Existing expertise OpenCV

Restrictions 25,000 API calls per day. Re-

strictions URL
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4,
ﬁﬁ' StreetView - height

3D Building Model Generation




L4,
ﬂﬁ' StreetView — Facade, WWR

Facade Type

Windows (blue)
Facade (green)
Street/open (black)
Other building (red)

Window-to-wall ratio

Input image Ground truth Model output



L4,
M}' Results — Digital Twin of a Utility

‘ | R el B A "A«'w.r.no‘v‘r'.')".-..‘ .
EPB: 178,368 building energy models - i e I
AT 2310970000

Validated against 15-minute electricity .
(colored by modeled EUI) HOAAR AN 10 2310070000
i « (ATRERIL D K L o B N 8¢ DOE Building Type: MediumOffice

DOE Vintage: 2012
Num Floors: 4
Square Footage: 1,593,808
Annual Energy Usage: 11,084,478 kWh
Annual Aggregated Demand: 20,308 kW
EUI: 7 kWh/ft"2
CO2 emissions: 10,998,806 Ibs

Estimated wholesale vs retail cost: $564,480

Savings

Annual Energy 3:;‘:: d

Savings Savings
1: Env: Insulate Roof 276,964 kWh 825 kW

2.5% 4.1%

7 2: Env: Reduce Space

Infiltration 35,082 kWh 297 kW

0.3% 1.5%

3: HVAC: Adjust

Thermostat Setpoint (4F) -6.949 kWh 6147 kW

-N 1% 20N 3%
A AT



http://bit.ly/virtual_epb
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AutoGen — Automatic EnergyPlus file modifier/Generator, worlds fastest building energy model
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